A DØ analysis measuring the charge asymmetry A b sl of like-sign dimuon events due to semileptonic b-hadron decays at the Fermilab Tevatron Collider is described. It differs by 3.2 standard deviations from the Standard Model prediction to provide first evidence of CPT-invariant anomalous CP violation in the mixing of neutral B mesons, and is compared to the CP-violating phase obtained from a DØ analysis of the time-dependent decay angles in B 0 s → J/ψφ. If CPT violation is allowed, the dimuon asymmetry also yields the first sensitivity to CPT violation in the B 0 s system.
Introduction
The interferometric systems of the particle-antiparticle oscillations of neutral mesons are particularly sensitive to testing for CP and CPT violation. CP violation has been observed at small levels in a number of these systems, 1 and the violation of CP symmetry is a necessary condition for the matter-antimatter asymmetry of our universe 2 and for our very existence. However, the observed levels of CP violation in the K 0 and B 0 d systems are not large enough to account for this asymmetry, implying the need for additional sources of CP violation beyond the Standard Model (SM). Both CP and CPT violation in the neutral B-meson system are considered below.
DØ dimuon charge asymmetry
In 6.1 fb −1 of pp collision data, the DØ Collaboration first measures 3 the raw dimuon charge asymmetry A = (N
regardless of muon source. From pure physics processes at the primary interaction, one of the very few sources of same-sign dileptons in the same collision event is due to B physics. If there is a nonzero asymmetry after correcting for backgrounds, the assumption is that it is coming from neutral B-meson mixing, i.e., the dimuon charge asymmetry of semileptonic B decays
). The great majority of b quark production at the Tevatron is via bb, so this can occur, for example, when the b quark decays semileptonically directly B 
and probed by measuring the inclusive raw single muon asymmetry a = (n
Assuming CPT symmetry holds, it can be shown 9 muons in the inclusive sample, a = (0.955±0.003)%, and from 3.7 × 10 6 events in the like-sign dimuon sample, A = (0.564 ± 0.053)%. The most important detector-related background is having one muon from a semileptonic b-hadron decay, and the other from a decay in flight of K → µν and π → µν, subsequent punch-through to the muon detectors (from showers in the material of the calorimeters), and sail-through of π, K and p, where these hadrons are either from the other b-hadron decay or from fragmentation. The polarities of the DØ detector toroid and solenoid magnets are switched every two weeks during data running, so that residual muon reconstruction charge asymmetries cancel to first order. This reduces these background asymmetries from O(3%) to less than 0.1%. Without this capability, the systematic uncertainty on the final asymmetry would be substantially larger.
From the like-sign dimuon sample, after correcting for backgrounds,
The corrected asymmetry from the inclusive single muon sample is used to constrain the backgrounds in the dimuon sample and a linear combination chosen to minimize the total uncertainty on A b sl arriving at:
This result is 3.2 standard deviations away from the SM prediction for CPT-preserving T violation, which is Fig. 1 shows an intriguing similar trend in difference from the SM prediction of the two analyses.
Implications for CPT violation
A CPT-violating effect in B-meson mixing was predicted some time ago 7 as potentially arising from spontaneous breaking of Lorentz symmetry in an underlying unified theory, 8 and the B 0 s -B 0 s system is of particular interest for studies of CPT violation because several complete particle-antiparticle oscillations occur within a meson lifetime.
9 Working within the comprehensive effective field theory describing general Lorentz violation at attainable energies known as the Standard-Model Extension (SME), 10 each CPT-violating term in the SME Lagrange density is the product of a CPTviolating operator and a controlling coefficient, and in this case a combination of the four SME coefficients 11 (∆a Bs ) µ . For these purposes, the asymmetry using single inclusive muons of Ref. 
In terms of this CPT asymmetry and the T asymmetry of Eq. (1),
Assuming the only source of T violation is the SM contribution a 
To interpret this as a measure of CPT violation in B-meson mixing, and in particular in the B 0 s -B 0 s system, the ωξ formalism 11 is adopted that allows for CPT violation of arbitrary size, governed by a complex parameter ξ of arbitrary size. The complex parameter ξ cannot be a scalar since CPT violation comes with Lorentz violation.
12 It must depend on the B-meson four-momentum and is therefore a frame-dependent quantity. The rotation of the Earth relative to the constant vector ∆ a generates a variation with sidereal time in ξ, but it is possible to average over the sidereal time and the meson four-momentum. Since the particle distributions from b-hadron decay for the Tevatron collider are symmetric in local detector polar coordinates for DØ, the dependence on the spatial components (∆a Bs ) J cancels. Details of the relationship between the asymmetry A b CPT , the parameter ξ s specific for the B 
is found. This corresponds to the bound −3.8 × 10 −12 < (∆a Bs ) T < 1.1 × 10 −11 (9) at the 95% confidence level. 
